By using the valon model, we calculate the Transverse Momentum Distribution functions, TMDs, inside the Nucleon. TMDs indicate the probability to find partons with spin aligned (anti-aligned) to the transversely polarized nucleon. The results are in good agreements with all available experimental data and also global fits.
Therefore many theoretical and experimental studies have been conducted to investigate and understand the role of spin in the proton's internal structure.
The key question is how the spin of the nucleon is shared among its constituent quarks and gluons. That is, the determination and understanding of the shape of quarks and gluon spin distribution functions have become an important task.
In general, the quark structure of hadrons is described by three distribution functions: the unpolarized parton distribution functions (PDFs), the longitudinally polarized distribution functions (PPDFs) and the transversity distributions (TMDs). They are defined as follows:
if we show the number density of quarks with helicity ±1 inside a positive hadron with q ± (x, Q 2 ), then we have:
∆q(x,
where q(x, Q 2 ) is the probability of finding a parton with fraction x of parent hadron momentum and ∆q(x, Q 2 ) represents the probability of finding a polarized parton with fraction x of parent hadron momentum and spin align/anti-align to hadron spin. It measures the net helicity of a partons in a longitudinally polarized hadron.
The third parton distributions are Transverse Momentum Distributions. They have a simple meaning too: In a transversely polarized hadron, TMDs are denoted by ∆ T q(x, Q 2 ) and represent the number density of partons with momentum fraction x and polarization parallel to that of the hadron minus the number density of partons with the same momentum fraction and antiparallel spin direction:
Historically they were first introduced in 1970's by Ralston and Soper [1] and rediscovered by Artru and Mekhfi in the beginning of 90's and their QCD evolution studied by Jaffe and Ji [2] , [3] .
Since ∆ T q(x, Q 2 ) is a chirally-odd quantity, it can not be probed in the cleanest hard process, DIS. It can only be accessed in process where it couples to another chirall-odd quantity. So it can be measured in hard reactions such as semi-inclusive leptoproduction or Drell-Yan di-muon production. Measuring the transverse polarization of partons are the goal of experiments such as COMPASS, HERMES, RHIC and SMC [4, 5, 6] . These measurements can teach us about the transvesity and the transverse motion of quarks and thus the role that their orbital angular momentum play in the structure of proton and fragmentation processes.
Calculation of TMDs, using some phenomenology is an active task in spin physics [7, 8, 29, 31] . We intend to do the same and calculate TMDs using Valon model. The valon model is a phenomenological model originally proposed by R. C. Hwa, [9] in early 80's. It was improved later by Hwa [10] and Others [11, 12] and extended to the polarized cases [14, 15, 16] . In this model a hadron is viewed as three (two) constituent quark like objects, called valons. Each valon is defined to be a dressed valence quark with its own cloud of sea quarks and gluons. The dressing processes are described by QCD. The structure of a valon is resolved at high Q 2 . At low Q 2 , a valon behaves as constituent quark of the hadron. In this model the recombination of partons into hadrons is a two stage process:
in the first step the partons emit and absorb gluons in the process of the evolution of the quark-gluon cloud and become "valons"; then these valons recombine into hadron. The model describes the un-polarized and polarized nucleon structure rather well [14, 16] .
In the present paper we apply the valon concept to the transverse polarization and calculate the TMDs. The paper is organized as follows. In Section 2 we review the valon model for calculating the polarized parton distribution functions(PPDFs). Then in Section 3 we use this model for calculating the TMDs and our conclusions are given in Section 4. 
Polarized parton distribution functions in the valon model
In the valon representation of hadron the polarized parton distribution in a polarized hadron is given by:
where δG h valon (y) is the helicity distribution of the valon in the hosting hadron i.e (probability of finding the polarized valon inside the polarized hadron). δG h valon (y) is related to unpolarized valon distribution, G j (y) by:
where j refers to U and D type valons [9, 14] . Polarized valon distributions are determined by a phenomenological argument [14, 15] . The parameters in Eq. (5) are summarized in Table ( (4) is the polarized parton distribution inside a valon. Their evolution are governed by the DGLAP equations [17, 18, 19] . Finally, the polarized hadron structure functions are obtained via a convolution integral as follows:
where g valon
is the polarized structure function of the valon. The details of the actual calculations are given in [14, 16] . 
Transverse Momentum Distribution Functions in the valon model
We now follow the same procedure as in Section 2, to calculate the transverse momentum distribution of partons in the nucleon. We can extend Eq.(4) to the transversely polarized hadron, and write:
where ∆ T G h valon (y) is the transverse valon distribution functions describing the probability of finding a valon with spin aligned or anti-aligned with the transversly polarized hadron.
Since ∆ T G h valon (y) is a probability function for finding a valon polarized in the direction of the hadron, then it should be identical to δG h valon (y) in the longitudinal case. Furthermore we know that in non-relativistic limit motion of quarks the PPDFs and TMDs would be identical since the rotations and Euclidean boosts commute and a series of boosts and rotation can convert a longitudinal polarized hadron into a transversely polarized hadron with an infinite momentum [20, 29] . The only difference between the TMDs and PPDFs reflects the relativistic character of quark motion in the hadron which reflect in the splitting functions and DGLAP equations. Consequently we set ∆ T G h valon (y) = δG h valon (y).
Also notice that ∆ T q valon i ( x y , Q 2 ) in Eq. (7) are the transvers momentum distribution functions in the valon, and can be calculated using the DGLAP evolution equations.
In the Mellin space, TMDs are given by:
where ∆ T q ± (n) refer to Singlet and Non-Singlet transversely polarized parton distribution functions. The first moment (n=1) of TMDs refer to the hadron's tensor charge [22, 23, 24] .
Their DGLAP evolution equations are [21] :
The solution of the DGLAP evolution equations in the Mellin space at NLO approximation are [25] :
In the above equation, ∆ T q ± (n, Q 2 0 ) are the initial input densities. They are determined by a phenomenological argument in the valon model.
qq,± (n) and ∆ T γ
qq,± (n) are the usual anomalous dimensions and are given in Appendix A.
We first solve the DGLAP evolution equations for a valon. This will give TMDs in each valon. We then use them in the convolution integral, Eq. (7) to obtain TMDs in the proton.
In doing so, we adopt the M S scheme with Λ QCD = 0.22 GeV and Q 2 0 = 0.283 GeV 2 . In the valon model, we assume that at an initial scale of Q 2 0 , the nucleon can be considered as a bound state of three valence quarks that carry all the momentum and the spin of the nucleon. This means that the valon structure function has the property that becomes δ(z − 1) as Q 2 is extrapolated to Q 2 0 (beyond the region of validity). So our input density is δ(z − 1) at Q 2 0 and we have:
Thus their moments are
It is also interesting to note that our selected value for Q 2 0 is very close to the transition region reported by the CLAS Collaboration for behavior of the first moment of the proton structure function around Q 2 = 0.3 GeV 2 [26] .
Finding the TMDs in a valon is now reduced to an inverse Mellin transformation. Finally by using the convolution integral of Eq. (7), the TMDs in the proton will be determined. In It is common to write the TMDs as:
where ∆ T q(x, k ⊥ ) are the un-integrated TMDs. We assume that k ⊥ dependence of transversity distribution function is factorized in a Gaussian form:
where ∆ T q(x) is transverse distribution function and the average values of k ⊥ is taken from SIDIS cross section data [27] , to be In figure (7) we present the result for
] and compared it with those from COMPASS and HERMES experimental data [33, 34] as well as Radici 's model [32] . Another interesting quantity, related to the first moment is the tensor charge, it is defined by integral (17) :
In our analysis the first momentum of sea TMDs is very small:(−0.00105) for Q 2 = 1GeV 2 .
Therefore the tensor charges are absolutely the first momentum of valence TMDs. Actually the sea quark polarization are very small and are consistent with zero. Notice that the valon structure is generated by perturbative dressing in QCD. In such processes with data from HERMES [34] ,red squares from CAMPASS [33] and Green curve is obtained by our model at
Blue curve shows the result of Radici 's model [32] with its associated uncertainty band which represents the same observable as deduced from the parametrization of Ref. [35] massless quarks, helicity is conserved and therefore, the hard gluons can not induce sea quark polarization perturbatively. This finding is supported by released data from HER-MES and COMPASS experiments [41, 42, 43, 44] . Thus we have no sea polarization in our model. Therefore the first moment of u and d TMDs (Tensor charges ) at Q 2 = 1GeV 2 are:
Finally, in figure (8) our results for tensor charge are compared with predictions of some models [29, 31, 36, 37, 38, 39, 40] .
Conclusions and Remarks
We have performed a phenomenological approach by using the valon model for calculating the Transverse Momentum Distributions (TMDs) of u and d quarks inside nucleon. We with those from several models [31, 36, 37, 38, 39, 40] . .
applied the DGLAP evolution equations in mellin space for extracting the TMDs. Our analysis are done at NLO approximation in M S scheme. Our choice for initial input densities are selected as Dirac Delta functions because at Q 2 0 the nucleon should be considered as a bound state of three valence quarks that carry all the momentum and spin.
We have not sea quark polarization in our analysis because in QCD with massless quarks, helicity is conserved and therefore, the hard gluons can not induce sea quark polarization perturbatively. This hypothesis is supported by experimental data obtained HERMES and COMPASS collaborations too. We also find the k ⊥ dependence of these TMDs and factorized them as a Gaussian form. We then calculated the first moments of TMDs and find tensor charges. Finally our results are compared with those from Anselmino's and soffer's global fits and also with available experimental data. The results are in excellent agreement with all of them. As a conclusion, the valon model seems to be a good description of nucleon structure functions and it can give us PDFs, PPDFs and TMDs very well.
As a future task we want to study Sivers and Collins functions in this model.
Here we list the anomalous dimensions in mellin space and M S scheme: [45] the γ (0) (n), γ (1) (n) adequate to ∆ T q are as follows:
where η = ± and the S (Harmonic Functions) are defined by ;
with G(n) ≡ ψ 
